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A  Mfh- resolution  radar  epatem  (0.  003-mlcrooocond 
polM  lencth),  operatise  at  3-cm  warelenpth,  has  bean  used 
tn  oceanocrapAlc  studma  from  a  coastal  slta.  Ben  return 
flutter  amplitudes  are  pr  is  sated  from  A- scope  data 
recorded  on  13-ma  motion  picture  film.  Ppstem  paramo* 
tors  and  data  reduction  methods  and  equipment  are  outlined. 
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[Unclassified  Title] 


INTRODUCTION 

TMe  report  itoMoti  series  1b  the  study  o <  mb  return  with  high- re  sol  vX  ion  radar. 

It  presents  the  results  derived  from  a  photographic  method  of  data  recording. 

I«  return  clutter  measurements  mere  made  with  as  experimental,  high* resolution, 
E-bend  radar  system  from  a  coastal  site  at  Boca  Raton,  Florida,  during  the  period  of 
Octob  :  195b  to  December  1SS$. 

The  experiments  were  conducted  to  investigate  the  characteristics  of  high* resolution 
radar  echoes  as  they  pertained  to  sea  return.  The  variation  of  signal  amplitude  with 
polai  aiton,  range,  aatmuth  angle,  antenna  height,  sea  condition,  and  wind  speed  and 
direr  .on  were  essential  factors  to  be  considered  la  the  teats. 

1.  a  report  present*  of  the  results  obtain*  from  the  analyst!  of  A- scope 
photographic  data. 


LOC/TION 

The  test  site  on  the  east  coast  of  Florida  at  Boca  Raton  afforded  relatively  deep  ocean 
depth.,  at  short  range  as  shown  In  Fig.  1. 


The  radar  antenna  was  mounted  on  an  elevator 
platform  suspended  from  a  steel  tower  100  feet 
high  (Fig.  S).  This  platform  could  be  varied  In  height 
from  17  feet  to  113  (set  above  ths  see  level,  its  cover* 
age  wee  more  than  adequate  to  embrace  the  ocean 
area  under  surveillance,  Vertical  dapreaalon 
angle  »•  great  as  six  degrees  were  possible. 

I  .*  view  toward  *hn  sea  by  the  radar  antenna 
was anobstructed from  5  degrees  to  170  degrees 
true  bearing. 

The  prevailing  winds  la  this  area  are  usually 
trom  ths  east,  ft  was  hoped  (in  vain)  that  extreme 
ccndVons  of  sea  and  wind  would  be  encountered 
d  .nag  one  or  more  days  of  the  test  period  because 
of  Us  normal  "hurlcans  as  aeon*  expected  at  that 
time  in  that  area. 


The  average  tidal  change  at  this  location  was 
about  three  feet. 


Fl|.  I  *  >«u  depth 
versus  range 
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Fib-  l  *  Elevator  platform  an-'.  tower 


RADAR  SYSTEM  CHARACTERISTICS 

Limed  below  Hr*  mim  o(  the  pertinent  characteristics  of  the  expert irenul  radar  system 
used  In  he  measurements: 


Frequency 

Transmitter  Power  (Peak) 

Pulse  Length 

Pulse  Recurrence  Rite 

Receiver  Noise  Figure 

Polar)  sat  Ion 

Antenna 

Antenna  Resmwldth 
Video  Bandwidth 
l-  F  Passband 
Display 


9375  Me 
IS  kw 

0.  008  psec 
1800  cps 

15  db 

v*-M?al  or  hortaontal 
•-foot  parabola 
0. 8* 

100  Me 

1500  to  1700  Me 
A-  or  B- scope 
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Th«  antsnna,  transmltttr,  rf  amplifier,  and  ml**.*  were  located  on  the  movable  plat- 
forir  And  the  l-f  And  video  amplifiers,  timing,  display,  and  recording  equipment  locatod 
In  a  U.  8.  Navy  trailer  van  positioned  at  the  baa*  o'  the  radar  tower. 


AUXILIARY  EQUIPMENT 

Thar*  wwr*  two  additional  ptecea  of  equipment  uaad  In  these  experiments  to  acquire 
supplementary  *‘M  • ' 

1.  An  ' AJMQ-5  wind  meaeurli*  and  recording  ayatam  waa  uaad  to  acquire 
mataoro  logical  into  r  man  on.  Tha  trana  and  anamomatar  war*  mounted  atop  the  radar  tower 
at  a  height  of  approximately  139  teat  above  eea  leveL  The  visual  Indicators  and  the  elmu.’- 
taneour  automatic  recorder  were  located  in  tit#  radar  'an.  The  recorder  chart  provided 
a  continuous  log  ut  tha  wind  speed  and  direction  lor  euth  twenty-four  hour  period 

3.  An  ocean  wave-height  measuring  gaga  of  tha  atrp  resistance  type,  which 
waa  developed  by  the  Beach  Erosion  Board,  war  located  at  a  range  of  490  yards  i.om  tha 
teat  alts  and  at  a  bearing  of  99  degrees.  It  waa  mounted  on  a  paling  driven  Into  tha  ocean 
floor  where  tha  depth  of  tha  water  was  approximately  3ft  feet.  Automatic,  as  wall  as 
manual,  control  of  the  wave  gage  permitted  conv«nlent  monitoring  of  wave  height.  A 
ftrush  recorder  located  In  the  radar  van  pro-  ided  permanent  records  of  this  Information. 
Wave-height  information  was  automatically  registered  on  the  chart  pap«.r  for  periods  of 
two  minutes  of  each  hour  of  every  day.  This  sample  portrayed  the  sea- state  condition 
and  tended  to  Indicate  the  prevailing  trend.  During  data  taking  periods,  the  wave  gage  recorder 
was  frequently  run  under  manual  control  to  acquire  coincUL.it  wave  and  radar  Information. 


fcirAPUNTf*^*  methods 


T5L  j  -  >rt  presents  the  results  derived  from  A-sc^pe  data  on  eta  .etutr  clutter,  an 
recorded  on  Id- mm  motion  picture  film, 

A  modified  Boll  and  Howell,  Id- mm,  magaalne  load,  motion-picture  camera  was  used 
to  photograph  the  radar  video  r.  tput  on  a  delayed  a- scope  display  under  the  following 
conditions: 


Centra  Speed 
■h«tter 

Exposure  Time 
Film 

Lena  and  Ape  .'ture 
CRT  P»ioepfcor 


C  frii  ,s  per  eeeond 
130* 

1/15  sec 

Kodak  TRI-X 

r  -  (3. 7 
P-11 


Each  fifty-foot  film  magu^  .  erne  identified  at  the  beginning  of  the  reel  by  protecting,  via 
a  mirror,  a  semiautomatic  date-recording  board  onto  the  film. 

The  basic  reference  el  radar  area  used  In  these  measurerew^ta  was  obtained  from  e 
balloon -suspended,  metal  epnere,  flying  under  fret-space  conditions.  The  radar  reflection 
area  of  this  sphere  wte  C.  Oil  square  meter. 
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Because  the  us*  of  such  a  sphere  wae  not  convenient  nor  feasible  (or  all  periods  ol 
the  radar  ayetem  oparation,  a  cornar  redactor  *u,  therv  fora,  uaad  aa  the  atandard 
echoing  area  throughout  tha  taata.  Thia  corner  redactor  waa  designed  and  constructed 
(or  a  redaction  area  of  03  aquare  feat  under  free* apace  ''ondttlona  and  whan  maaaurad  aa 
located  wlih  the  -natal  aphare  aa  tha  compjtation  baaa,  an  echoing  area  of  36C  aquare 
feat  waa  reallaed.  Tha  r.-irntr  redactor  waa  located  on  tha  beach  at  a  range  of  1340  yard/, 
and  waa  approximately  0  feet  above  tha  ground  level. 

Tha  performance  and  atablllty  of  tha  radar  »yetem  waa  monitored  at  the  beginning 
and  end  of  each  data- recording  period  for  both  horizontal  and  vertical  antenna  polarttationa 
with  thle  cumtv  reflector  aa  Uie  atandard  echoing  area.  Reference  information  and  power 
calibration  of  the  radar  ayetem  waa  photographed  at  frequent  Uttervala  during  the  data  runa 
using  tha  calibrated  output  from  a  Hewlett-Packard,  Modal  620A,  elgnal  generator. 


With  title  combination  of  the  corner  redactor  atandard  elgnal  and  tha  (Urn* recorded, 
radar-cyetam  power  calibration,  tha  eea- return  echo  area  waa  computed  In  aquare  (eat. 
Tha  peak  power  received  from  tha  corner  reflector  ta  given  by 


where 


c 


„  i’.  c.» 

“t  '  — — 

«->  It,  4 

Peak  tranamitter  power 

Antenna  gain 

Tranamitter  wavelen^-th 

Corner  reflecting  area  In  aquare  feet 

Range  to  tne  «*OT»r. 


The  oeak  power  rece>ed  from  sea  clutter  *a 

„  "  s-  <•. 


vltn 


•»  -  Radar  ;i*a  per  sample  of  sea  clutter  (sample  length, 
1/13  aec;  sample  rata,  3  per  second) 

>,  •  Range  In  feet  to  sample  area. 


By  dividtn-  r.  by  P, 


N 

Fc 


or 


(t)(c)‘ 


( l? 
\ 


In  thle  equation. 


may  t  u.aasured  by  comparison  with  signal  generator 

r  (HT-f'OA); 


©' 


Is  obtained  from  radar  data; 
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c  m  ihe  corner  reflector  area  u  located  36u  ft' 

1  o  obtain  a  umi<  radar  area: 

*» 

*  R  f 

where  ' ■  '  Echoing  area  per  unit  area 

P  •  Radar  range  in  'ret 

•  Antenna  beamwtdth  tn  rwdlana 
*  ■  Equivalent  tranarmtter  pula*  length 

tn  presenting  the  reaulta  io  i»i15  •,  la  plotted  varaua  aeveral  parameters. 


OTHER  MEASUREMENTS 

Movie  cameraa  were  located  adjacent  to  the  radar  antenna  on  the  movable  platform 
and  atop  the  eteel  tower  for  elmultaneoua  visual  photof  raphe*  of  the  radar  area  under 
surveillance.  T.teee  camerae  were  equipped  with  telephoto  tenses  whose  focal  length 
waa  chosen  to  give  an  acimuth  angular  coverage  aa  close  to  that  of  the  radar  antenna 
beamwtdth  as  |-ossible.  The  operation  of  these  cameras  waa  electrically  synchronised 
to  that  of  the  scope  data  camera. 

Axlmuth  scan  of  tiio  antenna  waveguide  feed  provide!  facilities  for  a  B- scope  pre¬ 
sentation  on  the  radar  indicator.  Synchronised,  Impulse-operated  cameras,  triggered 
at  the  ar'enn.  -scan  motion  extremities,  were  used  for  the  data  recording  of  both  the 
radar  indicator  and  the  visual  information. 

Other  methods  of  data  recording  empicyed  during  these  experiments  were  the  n/e 
of  a  Fairchild  35-mm  continuous -film  camera  (or  sampling  of  the  radar  clu.tsr  a  .’plt- 
tude  at  the  radar- recurrence  frequency  and  a  Brush  recording-pen  system  for  radar- 
signs!  measurements  of  very  short  rings  segments.  These  latter  systems  are  discussed 
In  s  separate  report. 


DATA  PROCES8IHO 

To  facilitate  extraction  of  thedra  portrayed  on  the  16-mm  motion  picture  film,  a  film 
reader  wrs  designed  and  constructed  which,  when  used  with  suitable  counting  units,  pro¬ 
vided  a  simple  and  quick  method  for  Jat*  readout. 

The  uae  of  small  phototranstetora  a*  the  aenaitive  elements  tn  the  film  reader  per¬ 
mitted  the  film -projection  distance  to  ba  approximately  24  Inches.  The  slat  of  the  pro¬ 
jected  image  at  this  distance  was  approximately  4  inches  wide  by  3  Inches  high. 


The  use  of  the  word#  -visual  photographs*  in  the  text  of  this  report  refers  to  outdoor 
photogrsphy  thst  is  recorded  of  the  sres  which  the  rsdsr  antenna  would  *eee*  from 
sn  optical  viewpoint.  This  »-r\«e  lo  differentiste  it  from  the  other  snd  more  specific 
dsts  recording  photogrsphy  'I  the  rtdsr-scope  trace# 


CONFIDENTIAL 


NAVA!  IttiAKH  lASOIAtOSV 


rONFIDENTLAu 


« 


A  lolAl  of  14  phototransl  store  (WE  1740)  were  mounted  side  try  side  tn  ■  holder  Attached 
to  a  4-inch  by  3-inch  -irojectlon  surface.  A  1/32-lnch  silt  cut  through  this  eutface  allowed 
the  most  sensitive  portion  of  each  phototransistor  to  be  caponed.  Thu  created  a  sensitive 
slit  1/32  loch  wide  by  approximately  2  inch**  Iona  (or  16  elements. 

About  1.  2f>  of  the  total  range  sweep  was  resolved  thi  ugh  the  1/32-tnch  slit  and  the 
ratlai  echo  amplitude  could  be  monitored  at  any  one  of  the  19  levels  represented  by  the 
19  .idjacent  photocells. 

Shown  In  Fig.  3  Is  a  sketch  of  tne  photocell  holder  md  projection  surface  ‘r  which 
•A*  represents  the  sixteen  cells  positioned  aide  by  aide  with  the  1/32-lnch  slit  allowing 
a  portion  of  the  sensitive  area  to  a.  jw  *v  mgh.  By  tnf'.vtdual  adjustment  of  each  photo* 
cell,  ihr  most  responsive  portion  ot  ue  photocell  window  was  positioned  in  line  with  the 
slit. 


© 

zy 

O 


~  0 

CB3 

-  *  v* 

© 

© 

i?3J 


f*i|[  1  •  Phut\Kt»l  holder 


The  phe*  -ell*  as  indicated  by  *9*  served  to  de-energise  the  reader  during  the  pro¬ 
jector  shutter  time,  as  well  as  to  compensate  for  variations  in  film  densities. 

In  the  figure  represents  a  typical,  projected,  A-scope,  sea  return,  radar  trace. 
When  an  echo  Interrupted  the  projected  light  falling  on  a  particular  photocell  a  pulse  was 
generatsd,  Its  cell  position  identifiable  by  its  width.  If  an  echo  should  be  received  of  an 
amplitude  to  Interrupt  the  eleventh  cell,  for  example,  all  cells  up  through  eleven  would 
be  energlaed.  However,  by  the  use  of  a  suitable  mixing  process,  only  the  widest  pulse 
was  used  to  actuate  the  decadv-couutlng  and  tabulating  circuit.  Thus,  the  film  reader 
was  used  to  count  all  echoes  which  were  equal  to  or  greater  than  a  preset  level  as 
determined  by  the  position  of  the  selected  photocell. 

The  particular  photocells  monitored  for  each  data  run  were  selected  by  first  projecting 
the  system  calibration  run  onto  the  reader.  As  the  calibration  run  was  made  tn  J-<t>  steps, 
the  dynamic  range  of  the  eyetem  would  indicate  some  five  to  seven  cells  to  be  monitored. 
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From  he  information  gathered  with  thia  tystem.  curve*  were  drawn  of  the  percentage 
of  time  >hat  the  erhoea  at  eome  particular  range  were  at  iaaat  equal  to  the  aignal  level  In 
db  (roi..  the  calibration  curve.  Thia  baatc  dat.i  waa  then  extended  to  portray  the  Information 
ahov  .i  m  the  Appendix. 

The  data  presented  waa  extracted  from  delayed.  CRT  aweep  lengths  of  250  yard*. 

The  ma|crity  of  the  information  wa*  acquired  In  one- minute  data* recording  runs,  though 
a  few  data  runs  of  two  minute*  duration  were  available. 


PRESENTATION  OF  RESULTS 

Llated  below  la  a  abort  description  and  sequence  of  the  graphical  analytic  derived 
from  the  A- scope  photographic  data  rtduction.  Tha  graphs  are  presented  tn  the  Appendix. 

I  versus  declinavon  angle  in  degrees  for  aignal  returns  of  2%  to  13$. 

0  rercentag’  of  time  for  three  wind  speeds. 

Ul.  versus  percentage  of  time  for  three  an;enna  heights. 

IV.  veraua  percentage  of  ttm*  tor  mto*tha -trough  and  into*th«*wavea 

of  three  artenna  heights. 

V.  - ,  versus  d«.-Unalion  angle  ».  degree*  <nr  two  wive  heights. 

VI.  versus  declination  angle  in  degree',  for  three  wind  speeds. 

VU.  versus  wirj  speed  tor  aignal  returns  of  2$  to  15$. 


SIGNIFICANCE  OF  RESULTS 

No  attempt  i*  made  tn  thia  report  to  evaluate  the  significance  of  the  results  ol  the 
work  presented,  since  it  is  planned  in  a  si.bnequent  report,  in  tn*r  rrrie*  n  high* rt solution 
radar  studies,  to  ahow  comparisons  with  lcnger-pulce  radar  ayatams  and  other  wor1  in 
the  field. 

•  •  • 
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Graph!  of  Result* 


In  Figs.  A I  through  a4  and  Figa  M3  and  A18,  the  shaded  boundarlaa  of  tha  plot 
tnd.cute  a  ■ ,  variance  from  2%  to  15%.  To  atata  thia  In  other  wui  da:  the  upper  limit 
of  the  eluded  section  tndicatea  ,  values  for  2  (  of  the  total  data  aampla  and  tha  ‘  war 
limit  of  the  ahaded  eectton  tndicatea  ,  valuee  for  15%  of  tha  total  data  aampla. 

In  Ftge.  AS  through  A10  ,  la  plotted  veraua  the  percentage  of  time  that  It  equala 

or  exceada  a  particular  value  ol  c,  .  For  example,  at  a  point  of  30%  In  Fig.  Ad  and  at  a 
wind  apeed  of  IB  knots,  tha  graph  indicitea  that  with  vertical  potarleatton  we  may  expect 
to  be  *32  db  or  leaa  for  30%  of  tha  time. 

Tha  compoaltion  of  thvaa  grapha  la  a  reault  of  an  averaging  of  many  points,  and  tha 
ltnaa  cloaaly  follow  and  portray  tha  trend  of  the  baalc  data 

The  valuee  indicating  wave  height  for  each  graph  were  extracted  from  the  wave-gage 
recorda.  Tha  value  eeiected  waa  the  'third  high*  value  prevailing  In  tha  wave-height - 
period  sample  nearest  In  time  to  the  photographic  radar  data.  * 

The  declination  angle  .*  as  Indicated  in  the  graphs  la  that  angle  whose  tangent  la 
indicated  by  the  quotient  of  the  height  of  the  antenna  above  ave-age  water  to  the  range  of 
the  target. 


A*  i-ording  to  the  heath  Eroimn  hoard  procedure  for  analyeie  of  wave-gage  data,  the 
tun*  in  eeiond*  of  the  *ave  period  <>f  the  data  indicate!  'approximate  iigmfuant  wave 
height!*  ai  the  "third  highest."  Therefore,  tne  wave  amplitude-  were  tablulated  froir 
the  re-  Tded  data  and  the  third  hiehest  value  selected  a!  the  rep 'eaen'.alive  one  to 
b<?  ii!ed  in  the  report 


B 
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1.  ,  Versus  ; 

Fifurta  A1  through  A4  show  the  plotted  v«r*u*  decLnallon  angle  in  degree*.  Th# 
ahaded  area  defir.es  th*  boundaries  of  ,  from  2%  to  151  of  th*  total  time  of  th*  data  run. 
Significant  save  heights  are  between  1.  25  and  2.  0  feet. 
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Fig.  A1  -  Into  th«  waves,  polarisation  vertical,  asijnuth 
1  40*  .  wive  height  1.74  feet,  wind  4. 1 0  knot*,  150 
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M-  :<«  »s«.c  .tMtti 

Fig.  A 2  -  Into  the  waves:  polar- sation  hortsontal,  ail- 

rr  ath  H3*.  was  e  height  1 .  74  to  I.  0  feet,  wind*  •  10 

knots,  1 50*  -  170* 
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;  •  4  :  i*  « 

V.1  N  <  <  .4*  I  *, 


‘it.  A)  •  Into  th*  trough,  polari sation  vertical,  attrnuth 
A*,  wave  Height  l.7>fe»t.  wind  8- 1 0  k-.ot a .  150*  •  IS'* 


rig  A4  -  Into  tha  trough;  polarisation  horltontal,  asl- 
muth  45*  .  wav*  htigm  1.75  to  i.O  feot.  wind  ^  knots, 
140*  -  145* 
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U.  ,  Veraua  $  Time 

Figures  AS  and  AS  depict  the  v*ria 
and  hoi  uor.tai  tolartiatmna.  The  an.pn  '» 
the  r*d»r  echo  equaled  or  exceeded  a  par' 

The  data  sampled  to  provide  these  riots  «a* 
water  with  significant  wave  heights  varying  from 
looku*  in  the  direction  of  the  apparent  wave  eov 
taken  at  ranges  of  4S0  yards.  500  yaids.  1000  yr 
2500  yards. 
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'  *  heir.N  of  *0  f' 
‘  «i  t  *eet.  T 
;•  'he  eu.  e  a 
A  .  tarda,  s*aW  v 


Fig.  AS  •  Polarisation  v  ■  il.  «aimuth 

§0*  -  «0*.  wave  height  1  Id  feet,  wvnd 

70*  -  10* .  height  90  feet 
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F»|.  AS  >  Polarisation  '••■U.  asinw;*. 

•0'  •  90*.  wave  height  ’  feot.  »i-.J 

70’  -  90* .  height  90  feet 
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*»*•»  iiuir*  utrU'fi* 


f  WM  * 

flfwrM  All  mi  Alt  toflrt  Hr  *•«* «J  mi  to  tiwul  *»Uf  toiu**  »,  tom*  to 
Arlto  «  MiW  *  *|fMi  u  i  ti«niN  *  nil '  I4M.  Tto  r«rt«*  tor*  pfcmto  frmi 
nto  ••'to  rtnrmMi  •<  S I  *f  to  n<*i  *t»»te.  Tto  «tt*to»  *f  to  r*to  mnm  m 
loo* til*  m  tto  Arwtto  d  to  ittvto  «i*t  tourr  m*  tto  UforMto  ml  u  umu 
nil*  frt^  to*  I  tom  at  to«|ft  •  *•  ««  »•«.  U  (tot  tto  M  f  M<  tom*  mrto  totor. 


W<1  WMWli 


n  Ml  NuiiHi.i  mtitii 


rt*.  All  •  P*ltr  U;  **  tortamwtl 


o 


vt  ,  Vtrtvl  : 

ftfurea  At)  ir4  AM  present  th*  • ,  ttrNi  the  Arc  Unit  ion  angle  In  degree*  u  a 
(unction  ol  wind  speed  ui  knot#  tor  etrtical  and  hortaontal  polarisation*.  The  cvrvto 
•  tre  drawn  (root  signal  recurrences  ot  aeeen  percent  ot  the  total  sample.  The  data 
*ti  assembled  at  raxtn  ot  500  yards.  1000  jrarda.  and  1)00  yards  with  antanna  •>"- 
ration*  of  73  (rot,  40  trot.  4)  fort,  44  frw  and  00  foot  abort  average  wator.  Tbo 
antenna  waa  looping  in  tho  direction  of  tho  upparant  ware  source  with  significant  rara 
hotfhta  ranftnf  from  t.  75  foot  to  ).  5  foot. 
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• »  *  si'  A  iv,  i  •#  ;d«f 


r.»  All  •  PolarttAlion  vertical 
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n«.  Alt  •  Polarisation  hortsontal 
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VU.  V*ruu»  r.pttd 

Ftfvre*  Alfi  »r  ‘  '  'r  i  t  ftcM  th»  »»r»  >m;m  >f  .  nta  wimJ  vnWity  t.«  '  * 

horiioriii  «vi  n  i  ,  *»  jjlI.  i  v;-f  .-er  .*)}>.<,<■*  .*>.««  >? %u,  »n>  »<■*• 

oC  signAl  return  f  *  :•  ‘.i  the  to.al  'xm  -tw  <i‘i*  Thr  iatcniu  »t.<  «.  ‘ 

citn.ttitc  condlttor  .?•  ‘‘•miia/  ^>ir  U.:t  ^UrtiaiK  c*  and  <lu  uu  tst-'?. 
(tin  Inin  at  «50  yat-lo.  >00  -fuOr .  ;000  y*ni..  *.v?  ^-Cv  ^ 


o  »  ** 

.HOT’  «N0'« 


Ft*.  .si*  *  P\»mi  i*i-n  v«r  Jtr»l.  »*' 
An  W»»»  h#<rh.*  t  >  %  !(.;  .*  o  (»«■,  '•■>n 
•ru„M  10  ft.-f 


rtf.  M6  -  P'oWj  isfttion  a«»fvis»i  '0* 

w«r«  height  J.^5  /••*.  *»re  9r'‘  •  *0  ,  n.-lfl.',  t 
t««t 
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